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(54) Method of electronic scanning 

(57) The system achieves high -resolution imaging 
with low-resolution two-dimensional imagers whose 
sensors are only a fraction of a selected pixel area. Sen- 
sors are stepped across an image with an optical or me- 
chanical stepper to acquire an image at each sensor po- 
sition. Thereby, resolution is defined by a step size 
which is comparable to the sensor size, rather than by 



pixel resolution. The system thus uses multiple image 
obtained from individual sensors, which have aa sensed 
area substantially less than the area of the pixels of a 
sensor array (34). Such rescanning is accomplished by 
movable mirrors or lenses (22,24,26,32) that are dis- 
posed between an illuminated specimen (20) and a sen- 
sor area (34). 
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Description 

The present invention relates to a method of elec- 
tronic imaging, and more particularly to obtaining high- 
resolution images using relatively low-resolution image 
sensor arrays. 

The invention is particularly applicable to digital im- 
age acquisition arrays that have a relatively small area 
from which they derive their information, which area is 
relative to an entire pixel area as defined on a specimen. 

The invention will be described with particular ref- 
erence to obtaining such a resolution translation. How- 
ever, it will be appreciated that the invention has broader 
application such as obtaining additional or redundant in- 
formation during the scanning process so as to allow a 
higher-definition or integrity image capture. 

Much of the work associated with present-day im- 
age acquisition, manipulation, and printing is done via 
digitization. However, hard or printed copy is still an es- 
sential step in most applications. 

Conversion between hard copy images and digital 
representations thereof are accomplished by scanners. 
Such scanners typically include a sensor array such as 
charge-coupled devices ("CCDs"). In such CCD arrays, 
a real image of a specimen is focused onto a planar ar- 
ray. Each CCD element of the array provides a digital 
signal representative of light exposed thereto. Fabrica- 
tion techniques inherent in CCD construction provide a 
finite distance between respective elements of the array. 
Thus, each array element provides a digital signal rep- 
resentative of a subportion of the corresponding image 
resultant from the associated specimen. Information 
provided in image interstices is therefor lost. This results 
in lessened image integrity or degradation by loss of this 
associated, visual data. 

The object of the present invention is to provide a 
new and improved system which overcomes the above- 
referred problems, and others, and provides a digital im- 
age acquisition system which allows for capture of high- 
resolution images by use of multiple scan from sensors 
of individual sensor elements of sensor arrays. 

In accordance with the present invention, an en- 
hanced resolution image scanner includes an array of 
sensors. Each sensor of the array generates a signal 
representative of light energy focused on it. Light reflect- 
ed from an associated specimen is communicated to the 
array of sensor elements. Each sensor element there- 
after generates a signal representative of a correspond- 
ing picture element ("pixel"), of the associated image. 
Thereafter, the associated specimen is reoriented rela- 
tive to the sensor array. With such reorientation, each 
sensor element of the array obtains another signal rep- 
resentative of a second, unique portion of the same 
specimen. A combination of both data sets thereafter 
provides a high-resolution, digitized image of the asso- 
ciated specimen. 

In accordance with a more limited aspect of the sub- 
ject invention, the reorientation of the sensor array rel- 
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ative for the specimen for acquiring the second signal is 
done such that each sensor acquires a second reading 
taken from a different portion of the same pixel from 
which that sensor obtained the first reading. This is suit- 
5 ably accomplished by either rotating mirrors or rotating 
lenses disposed between the sensor array and the as- 
sociated specimen. 

In accordance with another aspect of the present 
invention, the second signal from each of the sensors is 
10 obtained from another pixel, other than that from which 
the particular sensor element obtained its first reading. 
This is suitably accomplished by mirrors disposed be- 
tween the sensor array and the associated specimen. 
The movements of mirrors accomplish the required dis- 
is placement. 

An advantage of the present invention is the provi- 
sion of a system by which higher-resolution image ac- 
quisition may be accomplished by a relatively coarse ar- 
ray of sensor elements. 

Yet another advantage of the present invention is 
the provision of a system which matches actual acquired 
image data with the desired resolution of an associated, 
captured image. 

Yet a further advantage of the present invention is 
the provision of an image acquisition system which pro- 
vides additional or redundant information which is com- 
bined and provided in the resultant, capture image. 

The present invention will be described further, by 
way of examples, and with reference to the accompa- 
nying drawings wherein: 

FIGURE 1 illustrates 3X enhancement in effective 
resolution accomplished by stepping a sensor with 
respect to an image and doing multiple scans; 
FIGURE 2 illustrates a system for stepping an im- 
age of a document on a two-dimensional sensor ar- 
ray with two rotating wedges; 
FIGURE 3 illustrates light refraction as implement- 
ed in the structure of FIGURE 2; 
FIGURE 4 illustrates sensor mapping for a 2X res- 
olution enhancement operation; 
FIGURE 5 illustrates a trajectory of sensor positions 
for a 3X resolution enhancement; 
FIGURE 6 illustrates a trajectory of sensor positions 
for a 4X resolution enhancement; 
FIGURE 7 illustrates a system for stepping an im- 
age of a document with a two-dimensional sensor 
array implemented with rotating mirrors; 
FIGURE 8 illustrates a schematic for 2X resolution 
imaging of a document by multiple scanning with a 
super-pixel sensor structure, wherein the array is 
stepped horizontally; 

FIGURE 9 illustrates a schematic for 2X resolution 
imaging of a document by multiple-scanning, imple- 
menting a super-pixel sensor structure with an array 
being stepped in a 45° angle with respect to gate 
lines or data lines; 

FIGURE 10 illustrates 3X resolution imaging of a 
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document by multi-scanning implementing a super- 
pixel sensor structure wherein the array is stepped 
horizontally; 

FIGURE 11 illustrates a schematic of a superpixel 
sensor structure for NX resolution enhancement s 
wherein the array is stepped in a horizontal direc- 
tion; 

FIGURE 1 2 illustrates a system for using a vibrating 
mirror to introduce a linear translation of a docu- 
ment image on a two-dimensional sensor array; io 
FIGURE 13 illustrates a stepping of an image of a 
document on a two-dimensional sensor array with 
lateral translation of projection lens; 
FIGURE 14 provides a layout example of a super- 
pixel structure for a 3X resolution enhancement ar- '5 
ray; 

FIGURE 15 illustrates a linear stepping of an array 
for a 3X resolution enhancement with a convention- 
al pixel design; and 

FIGURE 1 6 illustrates a high-resolution color imag- 20 
ing with a reduced data rate. 

FIGURE 1 illustrates the basic methodology by 
which 3-times ("3X n ) enhancement in effective resolu- 
tion is accomplished by stepping a sensor with respect 25 
to an image and doing multiple scans. When a size of a 
sensor is smaller than that of a pixel in an array, a res- 
olution of the sensor array is defined by the pixel size. 
The subject system modifies this. The resolution is 
thereby dictated by the sensor size instead by stepping 30 
the sensor such that an image is made with multiple 
scans. 

As evidenced by FIGURE 1, a pixel boundary for 
sensor position 1 on arbitrary sensor position 1 is de- 
picted at 10. In FIGURE 1, the sensor size is assumed 35 
to be equal to a step size. In an actual practice, it is ad- 
vantageous to have a sensor size designed to be some- 
what larger than a step size. With this, there is some 
overlap in a sampled image among neighboring pixels 
(after reconstruction with multiple scans). Such an over- *o 
lap serves to reduce moire' effects in a resultant 
scanned image. For simplicity and clarity in the draw- 
ings, the sensor size is illustrated to be the same as the 
step size. 

The subject application teaches several ways to 45 
translate an image with respect to a sensor array. For 
example, stepping a sensor to various positions 1-9 
within the pixel boundary 10 is illustrated in FIGURE 1. 
A first system that will be described includes a stepping- 
withina-pixel method in which multiple positions of a sin- so 
gle sensor cover a complete pixel area. A second sys- 
tem employs a super-pixel method. In this method, a su- 
per pixel is defined as several standard pixels. Sensor 
positions are patterned in a way chosen such that a lin- 
ear translation of an image relative to a sensor array 55 
may be made. In both instances, a total area covered 
by a single sensor after completion of a scan process is 
larger or equal to the area of a pixel. First, the stepping- 



withina-pixel method will be described in detail. 

A stepping-within-a-pixel method serves to position 
an array with respect to an image such that the sensor 
areas cover a complete area of an array pixel, such as 
evidenced in FIGURE 1. This is suitably accomplished 
with rotating glass wedges or rotating mirrors, both of 
which will be described below. It will be appreciated that 
any suitable optical manipulation can serve to accom- 
plish the same result, such as by rotating a document 
and/or a sensor array in combination with a rotating 
wedge or a rotating mirror. 

Turning to FIGURE 2, an implementation employing 
a rotating wedge system will be described in detail. One 
way to translate an image of a document with respect 
to a sensor array is by steering an image of the original 
with two rotating glass wedges. FIGURE 2 evidences 
this scheme. In the illustrated system, light from flash 
lamps 12a and 12b illuminate a document 20 placed at 
one focal plane of a lens 22. Light reflected from a spot 
on the document is thereby collimated by the lens 22. 
Thereafter, the light is bent by a series of translucent 
wedges 24 and 26 which share an optical path for light 
with a convex lens 22. 

In the illustrated embodiment, wedges 24 and 26 
are installed such that a top surface is generally perpen- 
dicular to an axis of rotation disposed at a center portion 
of each wedge. This advantageously coincides with an 
axis y of the common illumination path of light. 

Turning to FIGURE 3, illustrated is an effect of a re- 
fractive wedge on a parallel light beam. A total refraction 
of a light beam Aa is caused by a wedge 30 with a wedge 
angle p and an index of refraction n is: 

Aa = (n-1)p, for small a 

It will be appreciated that the properties evidenced 
by FIGURE 3 are experienced by both first and second 
wedges 24 and 26. It will be further appreciated that the 
bending Aa is independent of an angle of incidence a, 
when a is small. In other words, a set-up is not sensitive 
to wobbling of the wedges. Turning again to FIGURE 2, 
a second lens, illustrated as convex lens 32 results in a 
change of a beam angle that translates the image to a 
displacement of: 

d = FAa 

on the sensor array, where F is the total focal length of 
lens 32. For a 1 :1 image magnification, a focal length of 
each of the two lenses is ideally identical. 

By way of example, the system will be explained in 
conjunction with achieving a 2X enhancement of reso- 
lution. For a currently available 200 spi sensor array, a 
sensor size is typically 88 microns and a pixel size is 
128 microns. By stepping a sensor into four quadrants 
of a pixel with the step size of 64 microns, one may ac- 
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quire an image at an effective 400 spi resolution. To 
move a sensor into four symmetrical positions, one need 
only use a single rotating wedge. A trajectory of the sen- 
sor position on a document is evidenced by FIGURE 4 
by the circle 38. With a focal length of 30 cm., a selected 
wedge angle (5 should be about 1.7 arcmin (arc min- 
utes), assuming n=1.3. To complete an image scan, a 
flash lamp should then be flashed when a trajectory has 
moved to the four positions 40(a), 40(b), 40(c), and 40 
(d). These positions are evidenced by the dots 40 dis- 
posed on the circumference of the circle 38 in FIGURE 
4. When this is accomplished, the four frames are then 
combined to form a scanned image with an effective 400 
spi resolution. 

To achieve an enhancement higher than 2x, a suit- 
able embodiment employs two rotating wedges as illus- 
trated above. With this embodiment, the wedges are ro- 
tate at different speeds. A trajectory of a sensor within 
a pixel is a vector superposition of trajectories caused 
by each wedge. If a center position of a sensor is chosen 
by to be the origin of a cartesian coordinate system (xy), 
its trajectory may be described as: 

x = A sin (2nf 1 1) + B sin {2n1 2 + $); and 

y = A cos (2nf 1 t) + B cos (2rcf 2 + 

In these equations, A and B are amplitudes of tra- 
jectory displacement, which is proportional to an angle 
of the wedges. The values ^ and f 2 are rotation frequen- 
cies of wedge 24 and wedge 26 respectively. The value 
<J> (from the equation), is a phase difference between the 
wedges while t represents time. 

For 3X enhancement in resolution, the following 
conditions apply: 

A = B 



<J>= 0; and 
f 2 = Sf, 

FIGURE 5 illustrates a trajectory of a system as de- 
scribed above. 

Turning to Fl GURE 6, a trajectory for a 4X resolution 
enhancement is described. With this system, the follow- 
ing operating conditions apply: 

A = B 



<j> = 0; and 



f 2 = 9f, 

In both cases, with a correct control of flash lamp expo- 
s sure timing, one may position a sensor to different plac- 
es within a pixel. Although a trajectory in both cases 
does not put the sensor to positions on an exact grid, 
this feature is suitably implemented to randomize sam- 
pling points by adding random noise in a timing signal 

10 for flash lamps. This is useful to reduce Moire' patterns 
when a scanner is imaging a half-toned image. For ac- 
curate construction of an image grid, it is advantageous 
interpolate for values on the grid. It will be appreciated 
that using even higher frequencies than that noted 

is above, while keeping with the symmetry of trajectory, 
allows one to have sensor positions much closer to a 
desired grid. This serves to render offsets in sensor po- 
sition to have an unnoticeable effect. 

Turning now to FIGURE 7, an embodiment in which 

20 rotating mirrors are implemented instead of the rotating 
wedges described. It will be appreciated that the basic 
function of the wedges noted above is propagated for- 
ward, but being carried forward by reflective instead of 
refractive properties. 

25 in the diagram of FIGURE 7, similar elements to that 
provided in FIGURE 2 have been provided with the 
same numbers. The basic distinction is in connection 
with the wedges 24 and 26 of FIGURE 2 which have 
been replaced with mirrors 50 and 52 in FIGURE 7. 

30 Thus, the mirrors serve to step the image. The common 
optical access y of FIGURE 2 is analogous to an optical 
path y' in FIGURE 7. Relative rotation frequencies in a 
two-mirror embodiment provide the same mathematical 
relationships disclosed above. 

35 in addition to the foregoing, it will be appreciated 
that the same kind of image and motion may be 
achieved by moving either a document or a sensor array 
in a circular trace. It is also suitably implemented with a 
combination of a rotating wedge and a mirror. As long 

40 as two circular motion components at correct frequen- 
cies in a trajectory sensor movement are provided, the 
same effect is achieved. For example, suitable accom- 
modations may suitably include (but are not limited to): 

45 1 . Moving both a document and a sensor array; 

2. A moving document and a rotating wedge; 

3. A moving document and a rotating mirror; 

4. A moving sensory array and a rotating wedge; 
and 

50 5. A moving sensor array a rotating mirror. 

It will be recalled that for a 2X enhancement, one 
need only have one moving part in the system. It is suit- 
ably a circularly moving document, a circular moving 
55 sensing array, a rotating wedge, a rotating mirror, or the 
like. 

Next, the super-pixel method noted above will be 
described in detail. The super-pixel method simplifies 
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motion required to a one-dimensional translation. It pro- 
vides a super-pixel design for a sensor array. With par- 
ticular reference to FIGURE 8, a scheme for a 2X reso- 
lution enhancement will be demonstrated. Such a su- 
per-pixel structure is evidenced in block 60. A superpixel 
is suitably chosen with a size that is twice that of a con- 
ventional pixel. A sensor in a second pixel (S2) of a su- 
per-pixel 6 is off-set upward by one step size with re- 
spect to the first sensor (S, ). By stepping four times hor- 
izontally and interleaving four frames of images together 
in correct order, one image is provided with twice the 
spatial resolution of the array. In this instance, no inter- 
polation is required. Numbers in the dash box 62 indi- 
cate a desired sequence for stepping. 

FIGURE 9 illustrates an alternative, super-pixel ar- 
rangement wherein the array is stepped at a 45° angle. 
In this instance, an appropriate complete image may be 
fabricated, again after interleaving. 

FIGURE 10 teaches a scheme to step an array to 
achieve a 3X resolution enhancement with horizontal 
stepping. A portion 80 evidences a structure of a super- 
pixel. From FIGURE 10, it will be appreciated that one 
may also step an array at a 45° angle in a way similar 
to what is described with FIGURE 9 above. 

The super-pixel system described herein may be 
generalized to achieve any multiple (N) times resolution 
enhancement with an array of a given pixel resolution. 
For an N times resolution enhancement, one may suit- 
ably implement a super-pixel that has N neighboring pix- 
els (see FIGURE 11). Each pixel is provided with a 
square sensor that has a fill factor of 1/N 2 or larger, for 
anti-aliasing purposes. The centers are positioned 
against one side of the pixels in which they reside with 
a vertical spacing of 1/N of a pixel size. A stepping di- 
rection is then chosen along a horizontal direction with 
a step size of 1/N of a pixel size. See FIGURE 11. 

One may suitably use space left uncovered by sen- 
sors to build electronics at a pixel level without affecting 
an image quality of the sensor array. The pixel level elec- 
tronics can be used for image correction, data process- 
ing or the like. The remaining area is also suitably left 
transparent for back illumination as is used in contact 
imaging. 

One embodiment of the invention is using vibrating 
mirrors to linearly translate an image with respect to a 
sensor array. In FIGURE 12, the document 20 has light 
exposed thereto from flash lamps 1 2(a) and 1 2(b). Light 
directed from the flash lamps 12 is communicated to a 
document 20. Light reflected therefrom is communicat- 
ed to from along optical axis y n . Light focused there 
through lens 22 is provided to a fixed mirror 74 and re- 
flected to a vibrating mirror 76. Vibration of the mirror 76 
is accomplished with a pusher 78 disposed at a free 
moving end of the mirror 76 rotating around a pivot 80. 
The vibrator pivots the mirror in an arcuate direction d 
about the pivot 80. 

Light reflected from the vibrating mirror 76 is com- 
municated to lens 32 and thereby focused to sensor ar- 



ray 34. It will be appreciated from this description that 
the vibrating mirror 76 serves to alter a focal point f of 
light from lens 32 into varying positions along the sensor 
array 34. 

5 In FIGURE 13, another embodiment is disclosed. 
In this embodiment, as before, components that are sim- 
ilar in function to those described earlier have main- 
tained their numbering schemes. Flash lamps 12(a) and 
1 2(b) illuminate documents 20. Light reflected from doc- 
10 ument 20 is projected along an optical axis y"' and 
through a lens 22. Suitable means (not illustrated) are 
provided to laterally translate the lens 22 along a direc- 
tion d\ generally perpendicular to the optical axis y". 
The reciprocal, linear motion of the mirror 22 along the 
is direction d' allows for translation of the image. 

FIGURE 14 illustrates an example of a superpixel 
design for 3X resolution enhancement. Super-pixel de- 
sign for other enhancement ratios will also be similar in 
format to that in the illustration of FIGURE 14. A primary 
consideration for super-pixel design is that one must 
meet design rules of fabrication. Thus, particulars are 
highly application specific, but follow from the illustrated 
example. 

It will be appreciated that the illustrated super-pixel 
design of FIGURE 1 4 provides a basic template for other 
enhancement ratios. Each particular super-pixel design 
is application specific and must meet design rules for 
fabrication. It will also be appreciated that additional at- 
tention must be made to ensure that each pixel has the 
same, or substantially the same, electrical properties, 
such as capacitance, parasitic effects, and the like. For 
an array made for contact imaging, it is advantageous 
that one made sure each sensor in a superpixel struc- 
ture has a similar transparent structure next to the sen- 
sor, as well as the same fill factor for a transparent region 
to ensure a uniform exposure of a document. 

A horizontal stepping scheme has an advantage 
over diagonal stepping schemes, as well as those pro- 
vided with rotating wedge(s) and/or mirror(s). The hori- 
zontal translation scheme involves linear motion and 
post-scan image processing is also rendered straight- 
forward. 

A horizontal translation scheme is suitably imple- 
mented by introducing linear motion with respect to a 
sensor array. This may be accomplished by mechani- 
cally moving the array or the document. The same effect 
may also be suitably achieved with a vibrating mirror. 
This particular architecture was described above in con- 
nection with FIGURE 12. 

A variation in a system for stepping an array linearly 
for higher resolution is provided in FIGURE 15. This fig- 
ure also evidences a 3X resolution enhancement. 
Again, it will be appreciated that the basic principle is 
the same for other ratios of enhancement. The array 
shown has a conventional, uniform pixel structure. In or- 
der to cover all imaged space within such an array, the 
array or image is stepped in an angle of 18.43° from a 
horizontal direction. A step size along the horizontal di- 
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rection is 1 /3 of a pixel size. I n the figure the sensor does 
not coincide with a high resolution grid for six of nine 
step positions. Accordingly, an interpolation is provided 
for the scanned images (or exposures) onto the high 
resolution grid. This reduces the speed of an imager 
while allowing for use of concurrent imager designs at 
higher resolution. 

In a general case, one may achieve an N times res- 
olution enhancement with a conventional pixel design 
and a sensor size of d/N where d is a pixel size. 

An array is stepped with respect to a document im- 
age at an angle 0 equals arctan (1/N) and a horizontal 
step size of (d/N). 

The subject system is also readily adapted to color- 
image scanning. The system provides for colorimaging 
of a document at a high resolution with a reduction in 
total image data. It is to be appreciated that the human 
visual system is much less sensitive to high frequency 
components of chrominant than that of luminant. Thus, 
reproduction of a color image with a satisfying quality 
may be provided with low-frequency samplings of 
chrominant components of an image. Image quality is 
contingent upon the means by which final output format 
is accomplished. Such means include color laser print- 
ers, video monitors, phot ©typesetters and the like. Since 
color imaging provides so much data, it is often advan- 
tageous to complete an undersampling of color prima- 
ries to reduce the data to be processed and increase 
the speed of an imager. 

An example of an implementation for a 2X resolu- 
tion enhance color imaging scheme is provided in FIG- 
URE 16. In this system, the array or image is stepped 
with the pattern described above with the stepping-with- 
ina-pixel scheme to enhance resolution. The pattern is 
stepped through a plurality of times to acquire colors pri- 
maries of the image. A higher ratio of resolution en- 
hancement is obtained by employing a stepping pattern 
like that noted in FIGURE 6 above. A suitable imaging 
system may be found with the schematics described in 
connection with FIGURES 2 and 7, above. It also is to 
be appreciated that color filters are switched in front of 
flash lamps in synchronization with the exposures. 

Since the human visual system is less sensitive to 
high-frequency components of color image chrominant, 
the imager is first stepped through four sensor positions 
to acquire four frames of black and white images (using 
no color filters). On a second pass of the array stepping, 
the imager acquires red, blue and green primaries while 
the sensor is at position 1, 2, and 3 respectively. From 
the three primaries, the chrominant images u, v in the 
Luv system, are calculated. For an approximation, one 
may assume that the primary is acquired at different 
sensor positions given a reasonable representation of 
primaries of an entire pixel at the given pixel resolution. 
Thus, a high-resolution luminant image is provided from 
four frames of black and white images and two low-res- 
olution chrominate images. Interpolation then provides 
a low resolution, u, v images to high resolution grids. 



10 

Thus, provided as a complete color-imaging of a docu- 
ment with seven frames of images instead of 1 2 frames. 
A factor of 1.7 improvement in speed and data storage 
requirement therefore results. It is to be appreciated that 
5 the improvement in speed and storage increases for a 
higher ratio of resolution enhancement with the above- 
described implementation. However, the image quality 
of the scanned image will decrease correspondingly. 
The color image, the example of FIGURE 16 was 
10 provided with a 2X enhancement in resolution. While the 
chrominants are acquired at the lower resolution, the re- 
sultant image quality changing is often negligible for 
many applications, such as in color laser printing. 
Color imaging is also suitably accomplished with ro- 
15 tating filters and linear motion stepping of a document 
image with respect to the sensor array, as described in 
detail below. As such an embodiment, one captures a 
black and white image of a document at a fully enhanced 
resolution with white illumination in a first pass of the 
reciprocal motion. Thereafter, one captures a red, a 
green and a blue image in a stepping position 1 , 2 and 
3 respectively in a second pass of the relative motion of 
the array. (Additional color primary sets may also be im- 
plemented). At this point, one may derive a highresolu- 
tion luminant image with a lower resolution chrominant 
image from lower resolution color images of the docu- 
ment. 

Color exposures of a document are not limited to 
the above-described step positions 1 , 2, and 3. Certain 
applications allow for a timing of color exposures or even 
an increase in number of color exposures to achieve 
better color reproduction. This system may be applied 
to both the above -described super-pixel structured ar- 
ray, as well as to a conventional array As evidenced 
from FIGURES 8, 9, 1 0 and 1 5, it does not matter when 
the color exposures occur. When N, the resolution en- 
hancement factor, is greater than 2, a suitable timing of 
color exposures may be chosen for an even distribution 
of chrominant sampling. 

From the foregoing systems, it will be appreciated 
that fabrication difficulties limit ultimate pixel resolution 
of a two-dimensional sensor array. One may achieve 
much higher resolution imaging by imaging a document 
several times while moving a document image with re- 
spect to a sensor array. A resolution of the final, inter- 
polated image has a resolution defined by a step size 
which is advantageously chosen to be comparable to 
the sensor size. Image movement may be introduced 
by either moving the document or array mechanically, 
or using rotating wedges or mirrors. A super-pixel struc- 
ture with a small sensor size allows one to achieve a 
resolution much higher than pixel resolution without 
pushing design rules for an array. The disclosed system 
apply the highspeed advantage of a two-dimensional 
sensor array to improve resolution of an imaging sys- 
tem. 

In addition, using a fact that human, visual systems 
are less sensitive to high-frequency components in 
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chrominants of a color image, the system provides a 
technique that allows one to enhance resolution of color 
imaging with a two-dimensional array with reduced im- 
age data. 

All of the techniques described in this proposal may 
be implemented with two-dimensional amorphous sili- 
con sensor arrays which are provided in commercially 
available products. 



Claims 

1. An enhanced resolution image scanner comprising: 

an array (34) of sensors, each sensor of the ar- 
ray adapted to generate a signal representative 
of a first subportion of a selected pixel of an as- 
sociated specimen (20); and 
orientation means for orienting each of the sen- 
sors relative to the associated specimen so as 
to generate a second signal representative of 
at least a second, unique subportion of each 
selected pixel. 

2. An enhanced resolution image scanner as claimed 
in claim 1, wherein the orientation means includes: 

directing means for directing each of the sen- 
sors relative to the associated specimen so as 
to generate the second signal therefrom with 
the second, unique subportion being from the 
same pixel from which it obtained the first sub- 
portion and, preferably, wherein the directing 
means is comprised of first and second rotating 
translucent wedges having a common optical 
axis disposed between pixels of the associated 
specimen and the sensor array; and wherein 
the image scanner further comprises, 
a first lens, sharing the common optical axis, 
disposed between the rotating translucent 
wedges and the associated specimen; and 
a second lens, sharing the common optical ax- 
is, disposed between the rotating translucent 
wedges and the sensor array; or wherein the 
directing means is comprised of: 
first and second rotating mirrors disposed in an 
optical path between pixels of the associated 
specimen and the sensor array; 
a first lens disposed to focus light from the as- 
sociated specimen to the first rotating mirror; 
and 

a second lens disposed to focus light from the 
second rotating mirror to the sensor array; or 
wherein: the directing means is comprised of a 
stepper adapted to obtain the second signal 
from a linearly displaced position along the as- 
sociated specimen; and 
the stepper is comprised of a mechanical trans- 



lator adapted for selectively translating the sen- 
sor array relative to the associated specimen. 

3. The enhanced resolution image scanner as claimed 
s in claim 1 , wherein the orientation means includes: 

directing means for directing each of the sen- 
sors relative to the associated specimen so as to 
generate the second signal therefrom relative to at 
least one different chrominant content of the select- 
ed pixel of the associated specimen. 

4. A method of obtaining enhanced scanned image 
data including: 

focussing light from an illuminated specimen on 
to a directing means; 

focussing light from the directing means to a 
sensor array (34); 

selectively orienting, via the directing means, 
each of the sensors relative to the associated 
specimen; 

generating a first signal representative of a first 
subportion of a selected pixel of the illuminated 
specimen; and 

generating a second signal representative of a 
second portion of a selected pixel of the illumi- 
nated specimen, the second portion being dif- 
ferent from the first subportion. 

5. A method as claimed in claim 4, wherein: 

the step of selectively orienting further includes 
the step of rotating first and second rotating 
translucent wedges having a common optical 
axis disposed between pixels of the associated 
specimen and the sensor array; and 
the step of rotating includes the step of rotating 
the first rotating translucent wedge at a first an- 
gular velocity and the second rotating translu- 
cent wedge at a second angular velocity differ- 
ent from the first angular velocity; or wherein 
the step of selectively orienting further in- 
cludes: 

the step of rotating first and second mirrors hav- 
ing a common optical path disposed between 
pixels of the associated specimen and the sen- 
sor array; and 

the step of rotating the first rotating mirror at a 
first angular velocity and the second rotating 
mirror at a second angular velocity different 
from the first angular velocity; or wherein the 
step of selectively orienting includes the steps 
of: 

directing light reflected from the associated 
specimen to a first mirror; 
receiving light reflected from the first mirror to 
a second mirror from which it is reflected to a 
second lens; 
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focussing light reflected from the second mirror 
through the second lens to the sensor array; 
and 

pivoting at least one of the first and second mir- 
rors on a selected axis to provide the displaced 5 
position; or wherein the step of selectively ori- 
enting includes the steps of: 
projecting, through a projection lens, an asso- 
ciated specimen onto the sensor array; and 
displacing, through a translator, the projection 10 
lens laterally to provide the displaced position. 

6. An enhanced resolution image scanner comprising: 

an array of sensors (34), each sensor of the ar- is 
ray adapted to generate a signal representative 
of a first sub-portion of a selected pixel of an as- 
sociated specimen; 

orientation means for rotatedly orienting each 
of the sensors relative to the associated spec- 20 
imen so as to generate a second signal repre- 
sentative of at least a second, unique subpor- 
tion of each selected pixel in accordance with 
the relation, 

25 

x = A sin (2nf 1 t) + B sin (2nf 2 + <|>); and 



pixel. 

8. An enhanced resolution scanner as claimed in 
claim 3, wherein the orientation means further in- 
cludes means for generating the second signal by 
selectively undersampling the enhancement con- 
tent of the selected pixel of the associated speci- 
men. 

9. An enhanced resolution scanner as claimed in 
claim 1 , wherein each sensor of the array has a se- 
lected orientation relative to each selected pixel 
such that the second signal is acquired by linearly 
displacing the sensor array relative to the specimen 
via the orientation means. 

10. An enhanced resolution scanner as claimed in 
claim 9, wherein the linearly displacing is parallel to 
a linear array of the array of sensors, and, prefera- 
bly, wherein the linearly displacing is at an angle of 
approximately 45 relative to a linear array of the ar- 
ray of sensors. 



y = A cos (2nf 1 t) + B cos (2nt 2 + 3Q 

wherein A and B represent amplitudes of tra- 
jectory displacement and wherein f 1 and f 2 are 
the effective rotation frequencies of the sensors 
and the associated specimen, respectively; 35 
wherein a selection of parameters A, B, <j>, f v 
and f 2 are such that the trajectory of the sensor 
position overlap to a pixel grid that has an en- 
hances resolution. 

40 

7. An enhanced resolution image scanner as claimed 
in claim 6, wherein the stepper is comprised of a 
mechanical translator adapted for selectively trans- 
lating the sensor array relative to the associated 
specimen, the orientation means including at least 45 
one of: 

means for moving at least one of the document 
and the sensor array; 

means for rotating at least one translucent so 
wedge disposed in an optical path between the 
sensor array and the specimen; and 
means for rotating at least one mirror disposed 
in an optical path between the sensor array and 
the specimen; or wherein the stepper includes 55 
means for directing each of the sensors relative 
to the associated specimen to the next pixel be- 
ing displaced linearly adjacent to the selected 
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